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(54) Debris removing system for use in X-ray source 



(57) A debris removing system for preventing de- 
bris, being scattered from an X-ray source, the debris 
removing system including an attracting unit disposed, 
between a light emission point of the X-ray source and 
the optical system, for attracting debris, the attracting 
unit having an attracting surface parallel or approxi- 



mately parallel to an axis passing through the light emis- 
sion point. The debris removing system further includes 
a rotation unit for rotating the attracting unit about the 
axis. This debris removing system assures a superior 
debris removing effect and a good EUV light utilization 
efficiency, being compatible with each other. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This invention relates generally to an X-ray 
projection exposure apparatus or X-ray proximity expo- 
sure apparatus for transferring a fine pattern in semi- 
conductor manufacture. More particularly, the invention 
concerns an X-ray light source which can be used in 
such exposure apparatus, for example. 
[0002] In accordance with recent requirements for fur- 
ther reduction in size and thickness of electronic instru- 
ments, the need for further minimization of a semicon- 
ductor device to be incorporated into an electronic in- 
strument increases more and more. Conventionally, as 
a lithographic method for manufacture of semiconductor 
devices, there is a reduction projection exposure meth- 
od using ultraviolet rays. In such reduction projection ex- 
posure, the smallest size to be transferred is proportion- 
al to the wavelength of light used for the transfer proc- 
ess, and it is inversely proportional to the numerical ap- 
erture of a projection optical system. Thus, for transfer 
of circuit patterns of smaller linewidths, the wavelength 
of exposure light has been shortened such as in an order 
of Hg lamp i-line (wavelength 365 nm), KrF excimer la- 
ser (wavelength 248 nm), and ArF excimer laser (wave- 
length 193 nm). 

[0003] However, miniaturization of semiconductor de- 
vices has advanced quickly, and there is a limitation in 
the lithography using ultraviolet light. In consideration of 
this, many attempts have been made to develop projec- 
tion exposure apparatuses using, as exposure light, soft 
X-ray (called EUV: Extreme Ultra-Violet light) of a wave- 
length 10 to 15 nm, much shorter than the ultraviolet 
rays. 

[0004] As an example of such EUV light source, a la- 
ser plasma light source may be used. In such light 
source, pulse laser light of large intensity is projected 
on a target material which is disposed in a vacuum con- 
tainer, to produce high-temperature plasma. EUV light 
emitted from the plasma and having a wavelength of 
about 1 3 nm, for example, is used. As regards the target 
material, a metal thin film, an inert gas, or liquid drops 
may be used. The target material is supplied into the 
vacuum container by means of gas jet, for example. In 
order to enlarge the average intensity of the EUV light 
emitted from the target, the repetition frequency of the 
pulse laser should be made higher, and thus usually the 
operation is carried out at a repetition frequency of a few 
KHz. 

[0005] However, in the laser plasma method as an ex- 
ample of the EUV light source method, although EUV 
light is produced in response to projection of large-in- 
tensity pulse laser light upon a target, the pulse laser 
projection creates, on the other hand, scattered parti- 
cles, being called debris. This may cause contamination 
or damage of optical elements, and may lead to a de- 
crease of the reflectivity. Proposals have been made in 



relation to a debris removing system for preventing con- 
tact of debris, from a target, to optical elements. 
[0006] Figures 11 and 12 show debris removing sys- 
tems 500 and 600, respectively. A rotary member 510 

5 (or 610) is controlled so that it opening 520 (620) inter- 
sects with an optical axis. Further, the rotary member 
51 0 (610) is controlled by a control circuit 570 {670) to 
be synchronized with the pulse emission of a pulse laser 
550 (650). Furthermore, the rotary member 510 (610) is 

10 rotated by a motor 540 (640) through a shaft 530 (630). 
EUV light 580 (680) is produced in response to impinge- 
ment of the pulse laser 550 (650) against a target 560 
(660). Here, debris 590 (690) is removed on the basis 
of a speed difference with respect to the EUV light 580 

15 (680), such that only the EUV light 580 (680) can be ex- 
tracted. 

[0007] Figure 1 3 shows an X-ray producing unit such 
as shown in Japanese Laid-Open Patent Application, 
Laid-Open No. 9-320792. In this unit, an excitation en- 
20 ergy beam 904 is projected against a target material 
902, by which plasma 906 is produced. Particles emitted 
at that time from the plasma 906 are blocked by mem- 
bers 908 and 910, whereby debris is removed. Further, 
in a pyramid region 912 corresponding to a range for X- 
25 ray extraction, a member 918 having a shaft 914 and 
blades 91 6 is used and, by rotating the blades 91 6 about 
the rotary shaft 914, scattered particles are adhered to 
the blades 916, whereby debris is removed. 
[0008] There are other proposals such as use of a 
30 shutter mechanism for opening/closing motion in syn- 
chronism with the light emission or use of a filter, for re- 
moving debris. 

[0009] It has been recognized that the inconvenienc- 
es caused by debris apply not only to the laser plasma 
35 method but also to a discharging method in which a gas 
such as Xe, for example, is flowed between electrodes 
and, through the electric discharge between the elec- 
trodes, plasma is produced and EUV light is emitted. 
[001 0] However, in the debris removing methods such 
40 as described above, a sufficient debris removing effect 
and a good EUV light utilization efficiency are not com- 
patible with each other. In exposure apparatuses, the 
throughput is one basic performance and, in order to im- 
prove this, the intensity of light for exposure of a wafer 
45 must be enlarged. In view of it and in order to increase 
the EUV light utilization efficiency, a condensing mirror 
may preferably be used to enlarge the taking angle to 
about n steradian. However, in order to enlarge the tak- 
ing angle in the shutter method, the window must be wid- 
50 ened and, as a result of it, the debris removing efficiency 
would be lowered. In the filter method, on the other 
hand, in order to reduce the thermal influence from the 
light emission point, a certain distance must be kept. If, 
therefore, the taking angle is enlarged, the filter must be 
55 enlarged in size and also in thickness. This leads to an 
undesirable result of large attenuation of EUV light by 
absorption by the filter and, additionally, periodic filter 
replacement becomes necessary. 
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SUMMARY OF THE INVENTION 

[001 1] An embodiment of the present invention seeks 
to provide a debris removing system by which both a 
superior debris removing effect and a good EUV light s 
utilization efficiency are made compatible with each oth- 
er. 

[001 2] An embodiment of the present invention seeks 
to provide an exposure apparatus using such a debris 
removing system. 10 
[001 3] In accordance with an aspect of the present in- 
vention, there is provided a debris removing system for 
preventing debris, being scattered from an X-ray 
source, from reaching an optical system, comprising: an 
attracting unit disposed between a light emission point '5 
of the X-ray source and the optical system, for attracting 
debris, said attracting unit having an attracting surface 
parallel or approximately parallel to an axis passing 
through the light emission point; and a rotation unit for 
rotating said attracting unit about the axis. In accord- 20 
ance with such debris removing system, since the at- 
tracting surface is disposed in parallel to or approxi- 
mately parallel to light rays emitted from the light source, 
it can attract debris without blocking the light. 
[0014] In one preferred from of this aspect of the 25 
present invention, the attracting unit includes fins of a 
number n, functioning as said attracting surface, where- 
in the fins have a length d(m) in a divergent direction of 
X-rays, wherein said rotation unit rotates the fins about 
the axis at a rotational speed co(rad/sec), and wherein, 30 
where an average speed of the debris is vm(m/sec), 
there is a relation 100 <ndoV(27t). When this relation is 
satisfied, debris of a velocity vc = 100 (m/sec) or less 
can be removed completely. 

[0015] In another preferred form, the attracting unit in- 35 
eludes fins of a number n, functioning as said attracting 
surface, wherein the fins has alength d(m) in a divergent 
direction of X-rays, wherein said rotation unit rotates the 
fins about the axis at a rotational speed w(rad/sec), and 
wherein, where an average speed of the debris is vm to 
(m/sec), there is a relation {ndaV(27tvm)} > 1/2. When 
this relation is satisfied, the X-ray utilization efficiency 
becomes equal to 50% or more. 
[0016] In accordance with another aspect of the 
present invention, there is provided a debris removing 45 
system for preventing debris, being scattered from an 
X-ray source, from reaching an optical system, compris- 
ing: an attracting unit disposed between a light emission 
point of the X-ray source and the optical system, for at- 
tracting debris, said attracting unit having an attracting so 
surface parallel or approximately parallel to an axis 
passing through the light emission point; and a rotation 
unit for rotating said attracting unit about a predeter- 
mined axis, at a rotational speed of co(rad/sec); wherein 
there is a relation vc = 1 00 <ndco/(27t), to enable removal 55 
of debris of a velocity vc = 100 (m/sec). In accordance 
with such debris removing system, by rotating the at- 
tracting surface about the axis, debris being scattered 



from the light emission point toward the optical system 
can be attracted to the attracting surface. Further, since 
the attracting unit is disposed in parallel to or approxi- 
mately in parallel to the light rays emitted from the light 
source, it can remove debris without blocking the EUV 
light (or with a decreased amount of EUV light intercep- 
tion) and without decreasing the utilization efficiency. 
When the aforementioned relation is satisfied, debris of 
a velocity vc = 100 (m/sec) can be removed completely 
or mostly. 

[0017] In accordance with a further aspect of the 
present invention, there is provided a debris removing 
system for preventing debris, being scattered from an 
X-ray source, from reaching an optical system, compris- 
ing: an attracting unit disposed between a light emission 
point of the X-ray source and the optical system, for at- 
tracting debris, said attracting unit having an attracting 
surface parallel or approximately parallel to an axis 
passing through the light emission point; and a rotation 
unit for rotating said attracting unit about a predeter- 
mined axis; wherein said attracting unit includes fins of 
a number n, functioning as said attracting surface, 
wherein the fins have a length d(m) in a divergent direc- 
tion of X-rays; wherein the following relations are satis- 
fied: 

S 0 = ^i 2 -r 0 2 ) 
S, = (n^X^-r^dsin^ 



E = (1-S 1 /S 0 )x100 



E > 50 



0 < <> <, arcsinfn:^ +r 0 )/(nd)) 

where r 0 is a radius of the rotation unit about the prede- 
termined axis, r 1 is a radius of the attracting unit about 
the predetermined axis, S 0 is an area through which X- 
rays from the light emission point can pass, $ is a tilt 
angle (0<<t><Ji/2) defined between the rotational axis and 
a straight line connecting the light emission point and a 
midpoint of the rotation unit along the predetermined ax- 
is, S, is an area for blocking the light with the fins, and 
E is the utilization efficiency (%) being defined so that 
the utilization efficiency becomes equal to 1 00% when 
the predetermined axis and the straight line are regis- 
tered with each other. 

[0018] In accordance with such debris removing sys- 
tem, since the attracting surface is disposed in parallel 
to or approximately in parallel to light rays emitted from 
the light source, it can attract debris without blocking the 
light. Since the attracting surface rotates about an axis 
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passing through the light emission point, there is no pos- 
sibility of blocking the light with any axis and, therefore, 
the utilization efficiency is not decreased. Further, when 
the aforementioned relation is satisfied, debris can be 
removed completely. 

[0019] In accordance with a yet further aspect of the 
present invention, there is provided an illumination sys- 
tem for illuminating a mask, comprising: a debris remov- 
ing system as recited in Claim 1 , for passing X-rays from 
an X-ray source therethrough; and an optical system for 
directing X-rays from said debris removing system to- 
ward a mask. In accordance with such illumination sys- 
tem, since debris is removed by the debris removing 
system, deposition of debris on a mirror can be avoided, 
such that a mask having a pattern formed thereon can 
be illuminated without a decrease in reflectivity of the 
illumination system. 

[0020] In accordance with a still further aspect of the 
present invention, there is provided an exposure appa- 
ratus for exposing a workpiece, comprising: an illumina- 
tion system as recited above; and a projection optical 
system for projecting X-rays from the mask onto the 
workpiece. 

[0021] in accordance with a yet further aspect of the 
present invention, there is provided a light source unit, 
comprising: an X-ray source for producing X-ray in ac- 
cordance with a laser plasma method or a gas discharg- 
ing method; and a debris removing system as recited 
above. Because of use of a debris removing system, de- 
bris produced at the light emission point can be removed 
effectively, such that a decrease of reflectivity of a con- 
densing mirror can be reduced considerably. Further, 
since the attracting surface is in parallel to or approxi- 
mately in parallel to the light rays from the optical sys- 
tem, it can attract debris without blocking the light. 
[0022] In accordance with a still further aspect of the 
present invention, there is provided a device manufac- 
turing method which comprises a projection exposure 
step for exposing a workpiece by use of an exposure 
apparatus such as described above, and a step of per- 
forming a predetermined process to the exposed work- 
piece. The scope of protection by a claim directed to a 
device manufacturing method having similar functions 
as of an exposure apparatus described above, covers 
a device itself which may be an intermediate or final 
product. Also, such devices may include a semiconduc- 
tor chip (LSI or VLSI, for example), CCD, LDC, magnetic 
sensor and thin film magnetic head, for example. 
[0023] There now follows a description of the pre- 
ferred embodiments of the present invention in conjunc- 
tion with the accompanying drawings. 

BREIF DESCRIPTION OF THE DRAWINGS 

[0024] Figure 1 is a schematic view of an EUV expo- 
sure apparatus. 

[0025] Figure 2A is a schematic view of a debris re- 
moving system according to an embodiment of the 



present invention. 

[0026] Figure 2B is a laser plasma light source and a 
debris removing system according to an embodiment of 
the present invention. 
5 [0027] Figure 3 is a schematic view, showing a simple 
model of a utilization efficiency of EUV light based on a 
shift of a rotational axis. 

[0028] Figure 4 is a graph for explaining debris attract- 
ing conditions. 

w [0029] Figure 5 is a graph for explaining the relation 
between the debris velocity and the debris removing ef- 
ficiency. 

[0030] Figure 6 is a schematic view of a laser plasma 
light source and a debris removing system according to 
is an embodiment of the present invention. 

[0031] Figure 7 is a schematic view of a debris remov- 
ing system according to an embodiment of the present 
invention. 

[0032] Figure 8 is a schematic view of a proximity X- 
20 ray exposure apparatus according to an embodiment of 
the present invention. 

[0033] Figure 9 is a flow chart for explaining device 
manufacturing processes, including an exposure step, 
according to an embodiment of the present invention. 
25 [0034] Figure 10 is a flow chart for explaining details 
of step 4 in Figure 9. 

[0035] Figure 11 is a schematic view of a debris re- 
moving system of known type. 

[0036] Figure 12 is a schematic view of a debris re- 
30 moving system of known type. 

[0037] Figure 13 is a schematic view of a debris re- 
moving system of known type. 

DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS 

[0038] Referring now to the drawings, an exposure 
apparatus 1 0 which uses a debris removing system 1 00 
according to an embodiment of the present invention will 
40 be described. In the drawings, the same reference nu- 
merals denote corresponding elements. 
[0039] Figure 1 is a schematic view of the exposure 
apparatus 10. The exposure apparatus 10 is an X-ray 
projection exposure apparatus in which step-and-scan 
is exposure is to be carried out by use of EUV light (for 
example, a wavelength 1 3.4 nm) as exposure light. 
[0040] As shown in Figure 1 , the exposure apparatus 
10 comprises an EUV light source 800, a debris remov- 
ing system 100, an illumination optical system 810, a 
so reflection type reticle (reflection type mask) 820, an 
alignment optical system 830, a projection optical sys- 
tem 840, a reticle stage 824, and a wafer stage 854. The 
components from the debris removing system to the wa- 
fer stage 854 are accommodated in a vacuum container 
55 860. 

[0041] The EUV light source 800 of this embodiment 
uses laser plasma, for example. In the laser plasma light 
source 800, a target supplying unit 802 supplies a target 
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material 803, and a pulse laser 804 supplies large in- 
tensity pulse laser which is projected to the target ma- 
terial 803 through a condensing lens 805. In response 
to it, high-temperature plasma 806 is produced, from 
which EUV light of a wavelength of about 1 3 nm is emit- 
ted. The target material may be a metal thin film, an inert 
gas or liquid drops. The target material is supplied into 
the vacuum container 860 by means of the target sup- 
plying unit 802 which is based on gas jet, for example. 
In order to enlarge the average intensity of the EUV light 
emitted from the target, the repetition frequency of the 
pulse laser 804 should be made higher, and thus usually 
the operation is carried out at a repetition frequency of 
a few KHz. A discharging plasma light source may be 
used as the EUV light source 800. In that occasion, a 
gas is flown around an electrode disposed inside the 
vacuum container 860, and a pulse voltage is applied to 
the electrode to cause electric discharging, whereby 
high-temperature plasma 806 is produced. From this 
plasma 806, EUV light of a wavelength of about 13 nm 
is emitted and this may be used. 
[0042] The illumination optical system 810 uses EUV 
light from the EUV light source 800 to illuminate a mask 
or reticle 820 (in the present invention, they can be used- 
interchangeably). In this embodiment, the illumination 
optical system 810 comprises first to third mirrors 812, 
816 and 818, an optical integrator 814, and an aperture 
817. The first mirror 812 functions to collect EUV light 
approximately isotropically emitted from the plasma 
806. The optical integrator 81 4 has a function to uniform- 
ly illuminate the reticle 820 at a predetermined numeri- 
cal aperture. Disposed at a position inside the illumina- 
tion optical system 810 which is optically conjugate with 
the reticle 820 is an aperture 81 7 for defining, in arcuate 
shape, the region upon the reticle 820 surface to be il- 
luminated. 

[0043] The debris removing system 100 is disposed 
between the light emission point and the optical ele- 
ments. Figures 2A and 2B show the structures of the 
laser plasma light source 804 and the debris removing 
system 100, which can be incorporated into the expo- 
sure apparatus 1 00 of Figure 1 . Figure 2A is a front view 
of the debris removing system, and Figure 2B is a plan 
view showing the disposition of the debris removing sys- 
tem 100 and the light source 800. In Figure 2B, the de- 
bris removing system 100 is illustrated in a sectional 
view, taken along a broken line 2B-2B in Figure 2A. 
[0044] The laser plasma light source 804 shown in 
Figure 2B is based on a laser plasma method in which 
a target material 270 such as Xe, for example, is sup- 
plied to a light emission point 210 by means of a target 
material supplying nozzle 260, and, on the other hand, 
pulse laser light 804 is projected through a condenser 
lens 805 to the target material 270, whereby EUV light 
is produced. Debris which may be produced simultane- 
ously with the production of EUV light is removed by the 
debris removing system 1 00. 

[0045] As shown in Figures 2A and 2B, the debris re- 



moving system 1 00 comprises a motor 1 1 0, a shaft 1 20, 
and plural fins 130. The fins 130 are disposed between 
a light emission point 21 0 and a condensing mirror 240 
(which corresponds to the first mirror 812 in Figure 1). 
5 The motor 1 1 0 is disposed at the back of the condensing 
mirror 240, and the shaft 120 extends through a bore 
242. By means of the motor and through the shaft, the 
fins 130 are rotated at revolutions co(rad/sec). 
[0046] The motor 110 rotates the shaft 120 and the 
10 fins 1 30 fixed to the shaft 1 20. The shaft 1 20 has plural 
fins 1 30 of the same shape attached thereto, and it func- 
tions as a rotary shaft for rotating the fins 130. Specifi- 
cally, the rotary shaft is disposed to pass through the 
light emission point 210 which corresponds to the point 
15 806 in Figure 1 . With this arrangement, creation of a light 
blocking zone due to axial misregistration between the 
shaft 1 20 and the optical axis can be suppressed to min- 
imum. Further, there is an advantage that, as compared 
with the conventional example of Figure 1 3, the rotation 
20 speed of the fins can be increased easily. 

[0047] The fins 130 function as an attracting portion 
for attracting debris 230. In this embodiment, the fins 
130 comprise eight thin plates of fan shape which are 
mounted to the shaft 120 equidistantly. The fins 130 
25 have a thickness which is made smallest as much as 
possible so as to minimize the zone to be light blocked, 
in terms of projected area as seen from the light emis- 
sion point 210 and a convergence point 220. The fins 
130 are mounted to the shaft 120 equiangularly, with an 
30 angle 45 deg. In the example shown in Figures 2A and 
2B, the number of fins 1 30 is eight. However, the number 
of fins is not limited to it. Also, the shape of the fin is not 
limited to a fan shape. However, where a fan shape is 
used, there is an advantage that uniform debris remov- 
35 ing performance is assured with respect to the angular 
direction as seen from the light emission point 210. As 
a matter of course, all the fins 130 may not have the 
same shape. 

[0048] The fins 1 30 are disposed in parallel to or ap- 
40 proximately in parallel to an optical axis, extending from 
the light emission point 21 0 to the optical system. Here, 
the words "approximately parallel" are used to include 
widely, for example, a case where the shaft 120 is in- 
clined with respect to the optical axis, and a case where 
45 the surface 132 of the fin 130 comprises a curved sur- 
face or a twisted surface. In this embodiment, only de- 
bris 230 being scattered from the light emission point 
210 toward the optical system is attracted and caught, 
by laterally striking or chopping them with the surface 
50 132. 

[0049] The debris removing system 100 blocks only 
the debris 230, on the basis of a speed difference be- 
tween the EUV light and the debris 230. It is known that, 
usually, debris 230 moves at various speeds, from those 
55 moving at a low speed of 100 m/sec or less to those 
moving at a high speed of about 10,000 m/sec. Debris 
moving at a lower speed has a larger size and it contrib- 
utes more to contamination of the mirror. A design ex- 
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ample will be described below. 

[0050] The length of the fin 1 30 in the direction of di- 
vergent light is d (m), and the number of fins 130 is n 
(which is eight in Figure 2). The rotational speed is co 
(rad/sec). Where the distance r (m) from the light emis- s 
sion point 210 is taken on an axis of ordinate and time 
t (sec) is taken along an axis of abscissa, as shown in 
Figure 4, the speed can be depicted by tilt. Where the 
speed (tilt) of the debris 230 is large, the probability that 
debris 230 passes through between the fins becomes 10 
large. If the speed (tilt) is small, debris 230 is attracted 
to the fins. The time t (sec) from a moment whereat a 
particular fin 1 30 goes through a certain point in a space 
to a moment whereat a nest fin passes the same point 
is represented by 27t/(nto). Depending on whether, dur- '5 
ing that period, debris passes through between fins 130 
of a length d (m) or not, whether the debris 230 is at- 
tracted or not (i.e. passing through the fins) is deter- 
mined. Thus, the highest velocity vc (m/sec) for debris 
for attaining complete removal can be expressed by: 20 

vc = d/t = d/(27t/nco) = nd co/(2n) (1 ) 

If, for example, n=8, d=0.1(m) and oo=250jr(rad/sec) 25 
(=7,500rmp), then vc is 100m/sec. Thus, it is possible 
to block large debris which is mainly contributable to the 
mirror contamination. Also, if n=100, d=0.1(m) and 
co=2,000 7:(rad/sec)(=60,000rpm), then vc is 10,000m/ 
sec. As regards debris moving at a speed higher than 30 
vc, it can not be removed completely. Whether debris 
230 passes the fin or it is attracted thereby is determined 
by the timing (phase) that, as shown in Figure 4, the de- 
bris 1 30 enters the movable range of the fin 1 30, as de- 
picted by regions "through" and "stop". Where the speed 35 
of certain debris 230 is v(m/sec), the angle of the region 
"stop" is expressed by dto/v(rad). Since the spacing be- 
tween the fins 1 30 is 2jt/n(rad), the removing rate at that 
time can be expressed by the ratio between them. 

R = (dto/v)/(27t/n)*100 = nd(o/(27iv)*100 (2) 

[0051] Namely, where v>vc, the removing rate R is in 
inverse proportional to the debris speed v. Figure 5 is a 45 
graph showing the removal rate. Since the speed of the 
light is 3x10 8 m/sec, the probability of impingement 
against the fin 130 is 0.0033%, and thus substantially 
there is no loss. Rather, it is more important, for attaining 
an increased utilization efficiency, to make the fin 130 so 
thickness thin as much as possible and also to register 
the shaft 120 in good alignment with the optical axis, so 
as to minimize the zone to be light-blocked in terms of 
a projected area as seen from the light emission point 
210 and the light convergence point 220. Where the av- 55 
erage speed of debris 230 is vm and if a half of the debris 
of that speed can be blocked, the lifetime of the optical 
system would be extended to about twice. Thus, it can 



be said that the debris removing effect of this embodi- 
ment is sufficient. In that case, where the following re- 
lation is satisfied, a debris removing rate 50% is attain- 
able. 

R = ndoj/(2jtvm)*100>50 (3) 

Namely, if a relation {ndoV(27ivm)} >1/2 is satisfied, a de- 
bris removing rate 50% is obtainable. 
[0052] Figure 3 illustrates a simple model of EUV light 
utilization due to a shift of rotational shaft. Here, for sim- 
plicity, it is assumed that the fin has an oblong shape 
and EUV light is parallel light. Divergence of EUV light 
is not considered. If the length of the fin in the debris 
diverging direction is d, the radius of the shaft that func- 
tions as a blocking portion is r 0 , and the radius of the fin 
including the shaft is r-,, and where the fin thickness is 
very thin as can be disregarded, the area S 0 through 
which the EUV light can pass is expressed by the fol- 
lowing equation. 

S 0 = ^i 2 -r 0 2 ) W 

On the other hand, if there is a tilt angle <t>(0<<(xjc/2) 
which is defined between the rotational shaft and a 
straight tine that connects the light emission point and 
a point (midpoint of the fin in the rotational direction) 
where the length from an edge of the fin along the rota- 
tional shaft is d/2, the area to be light-blocked by a single 
fin differs with the radiation angle of fin. It takes values 
from 0 to (r-|-r 0 )dsin<|>. If there are fins of a number n, a 
value obtainable by multiplying this maximum value by 
n/2 corresponds to the area S-, that the whole fins can 
block, and it is expressed as follows. 

S 1 =(n/2)(r 1 -r 0 )dsin4, (5) 

If it is defined so that it becomes equal to 100% when 
the shaft and the optical axis of EUV light are completely 
registered with each other, the utilization efficiency E(%) 
can be expressed as follows. 

E = (1-S 1 /S 0 )*100 (6) 

If utilization efficiency of 50% or more is desired, then 
E>50, and rearranging equations (4), (5) and (6) with 
respect to the tilt angle <fr under this condition, we obtain: 

0 < $ < arcsinfji^+r^And)) (7) 

If, for example, n=8, d=0.1(m), ^=0.1(01)^=0.05(01), 
then c()<36(deg) is obtained. Also, if the number of fins 
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is enlarged to n=100, then <|><2.7(deg.) is obtained. 
Thus, the influence of axial misalignment becomes 
large. 

[0053] In this embodiment, the whole structure is 
made axially symmetrical so that the reflected light is 
collected on an extension of the rotational shaft, and it 
is not blocked by the debris stopper. Therefore, the light 
utilization efficiency is highest. 

[0054] As a matter of course, this type of debris re- 
moving system is effective also to an application using 
a point source X-ray source, for example, a reflectivity 
measuring device, a wavefront measuring device, a mi- 
croscope, a shape measuring device, a medical instru- 
ment, a composite analyzer, and a structure analyzer, 
for example. 

[0055] The projection optical system 840 comprises 
a projection system first mirror 842, a projection system 
second mirror 844, a projection system third mirror 846 
and a projection system fourth mirror 848. If functions 
to project a circuit pattern, formed on a reticle 820, onto 
a wafer surface. Although the number of mirrors should 
be small for higher EUV light utilization efficiency, in that 
case, aberration correction becomes more difficult. The 
number of mirrors required for the aberration correction 
is about four to six. The shape of the reflection surface 
of the mirror may be a spherical or aspherical surface 
of convex or concave shape. The numerical aperture NA 
is of an order of 0.1 to 0.3. Each mirror comprises can 
be produced by cutting and polishing a substrate, made 
of a material having a high rigidity, a high hardness, and 
a small thermal expansion coefficient, such as a low 
thermal expansion glass or silicon carbide, for example, 
to generate a predetermined reflection surface shape, 
and then by forming a multilayered film, such as molyb- 
denum/silicon, on the reflection surface. 
[0056] A reticle stage 824 and a wafer stage 854 are 
scanningly moved in synchronism with each other, at a 
speed ratio proportional to the reduction magnification. 
Here, the scan direction along the reticle 820 surface or 
wafer 850 surface is taken as X, while a direction per- 
pendicular to it is taken as Y. A direction perpendicular 
to the reticle 820 surface or wafer 850 surface is taken 
as Z. 

[0057] The reticle 820 has a desired pattern formed 
thereon, and it is held by a reticle chuck 822 provided 
on the reticle stage 824. The reticle stage 824 has a 
mechanism for motion in X direction. Also, it has fine- 
motion mechanisms in X, Y and Z directions as well as 
rotational directions about these axes, and it serves to 
accomplish the positioning of the reticle 820. The posi- 
tion and posture of the reticle stage 824 are measured 
by means of a laser interferometer, and the position and 
posture are controlled on the basis of the result of meas- 
urement. 

[0058] The wafer 850 is held on the wafer stage 854 
by means of a wafer chuck 852. The wafer stage 854 
has a motion mechanism for motion in X direction, like 
the reticle stage 824. Also, it has fine-motion mecha- 



nisms in X, Y and Z directions as well as rotational di- 
rections about these axes, to accomplish the positioning 
of the wafer 850. The position and posture of the wafer 
stage 854 are measured by means of a laser interfer- 

s ometer, and the position and posture are controlled on 
the basis of the result of measurement. 
[0059] The positional relation between the position of 
the reticle 820 and the optical axis of the projection op- 
tical system 840 as well as the positional relation be- 

10 tween the position of the wafer 850 and the optical axis 
of the projection optical system 840 are measured by 
mans of an alignment optical system 830, and the posi- 
tions and angles of the reticle stage 824 and the wafer 
stage 854 are set so that a projected image of the reticle 

is 820 is registered with a predetermined position on the 
wafer 850. On the other hand, the focus position at the 
wafer 850 surface with respect to the Z direction is 
measured by means of a focus detecting optical system 
832. By controlling the position and angle of the wafer 

20 stage 854, during the exposure process, the wafer sur- 
face can be held at the imaging position of the projection 
optical system 840. 

[0060] When one scan exposure on the wafer 850 is 
completed, the wafer stage 854 moves stepwise in X 
25 and/or Y direction to move the wafer to the subsequent 
scan exposure start position. Then, the reticle stage 824 
and the wafer stage 854 scanningly move again at a 
speed ratio proportional to the reduction magnification 
of the projection optical system. 
30 [0061] In this manner, the operation of synchronized 
scan of the reticle 820 and the wafer 850 while a reduced 
and projected image of the reticle is being projected on 
the wafer, is repeated (step-and-scan). The operation is 
repeated until the transfer pattern of the reticle 820 is 
35 transferred to the whole surface of the wafer 850. 

[0062] In order to prevent EUV light from being ab- 
sorbed by a gas, the space through which the EUV light 
is propagated or a space where optical elements are dis- 
posed, should be maintained at a predetermined pres- 
to sure level or lower. To this end, the light source and the 
optical elements of the illumination optical system and 
of the projection optical system as well as the reticle 820 
and the wafer 850 are accommodated in a vacuum con- 
tainer 860, and it is exhausted to satisfy a predetermined 
is vacuum level. While a single container is used in this 
embodiment, plural vacuum containers may be used to 
maintain a predetermined pressure for the illumination 
optical system and the projection optical system, sepa- 
rately, by using different containers. 
so [0063] Figure 6 is a schematic view of a laser plasma 
light source and a debris removing system according to 
an embodiment of the present invention. This embodi- 
ment uses a structure that, in the laser plasma method, 
a metal target 310 such as Cu, for example, is formed 
55 into a tape-like element which is fed by reels 320 so that 
a fresh surface can be used. With this structure, the size 
of the mechanism for the light emitting portion becomes 
large to some degree, and thus it becomes difficult to 
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place the light emission point 21 0 and the light converg- 
ing point 220 on the same axis, as shown in Figure 2. 
In consideration of this, an off-axis structure is used as 
shown in Figure 6. With this structure, the fins 130 must 
be disposed so as not to interfere with the reflection light. 
If the length d(m) of the fin 130 in the divergent light di- 
rection, the condensing mirror 240 has to be moved 
away and, therefore, the mirror becomes large. Also, 
both the light collection efficiency and the debris remov- 
ing rate are lower as compared with a structure as 
shown in Figure 2B wherein the target material 270 is 
supplied by means of the nozzle 260. However, there is 
an advantage that the design freedom for the light 
source structure is large. 

[0064] The light source unit of an exposure apparatus 
is not limited to the one disclosed in this embodiment. 
Figure 7 is a schematic view showing a Z-pinch type light 
source, which is one of discharging types, and a debris 
removing system. Denoted at 410 is a high voltage 
source in which energies are accumulated in a capacitor 
420. When a switch 430 is turned on, plasma 450 is pro- 
duced in an enclosure 440, whereby EUV light 250 is 
produced. Simultaneously therewith, debris 230 is pro- 
duced, but it can be attracted by fins 130A of the debris 
removing system. In the discharging method, since a 
taking solid angle is small, even if the light emission 
point shifts slightly off the extension of the rotary shaft, 
the light collection efficiency does not change large. As 
regards the shape of the fins 130A of this embodiment, 
it differs from that of the fins 1 30, and it is formed into a 
trapezoidal shape. 

[0065] As regards the discharging type, in addition to 
those disclosed above, there are plasma focus type, 
capillary discharging type, hollow-cathode triggered Z- 
pinch type, and the like. Similar debris removing sys- 
tems may be applied to them. 

[0066] Figure 8 is a schematic view of a proximity X- 
ray exposure apparatus in which a point-source light 
source is used. The proximity X-ray lithography is a 
method in which soft X-rays of a wavelength of about 1 
nm is used and, while placing a mask (original) in close 
proximity to a wafer by about 10 microns, a unit-magni- 
fication exposure is carried out. The light source may 
have a similar structure as of the EUV light source, and 
it may be optimized to obtain a desired wavelength. 
[0067] Denoted in Figure 8 at 701 is a light source 
chamber which is maintained at a high vacuum. Denot- 
ed at 702 is a main-assembly chamber in which He gas 
is controlled at about 20 KPa. Denoted at 703 is a struc- 
tural member for supporting components of the appara- 
tus. Denoted at 704 is an anti-vibration mechanism for 
isolating vibration from being transmitted from the floor. 
[0068] Denoted at 705 is a light emission point from 
which X-rays are emitted. The X-rays then pass through 
an X-ray extracting window 707 and enter a collimator 
708 by which they are transformed into parallel light. The 
thus produced parallel X-ray beam is received by a 
masking blade 709, by which the view angle is restrict- 



ed. The X-ray beam then impinges on a mask 71 0, such 
that a pattern of the mask is transferred to a wafer 711 
being coated with a resist. The wafer 711 is held by a 
wafer stage 712 and, through the stepwise motion, the 
5 whole wafer surface can be exposed. 

[0069] Even in such proximity X-ray lithography, de- 
bris is produced from the X-ray source, and it may con- 
taminate and damage the X-ray extracting window. 
Thus, like the foregoing embodiments, a driving mem- 
10 ber having fins 1 30A is driven to thereby effectively re- 
move the debris. As regards the shape of the fins 1 30A 
of this embodiment, it differs from that of the fins 130, 
and it is formed into a trapezoidal shape. 
[0070] Next, referring to Figures 9 and 1 0, an embod- 
15 iment of a device manufacturing method using an expo- 
sure apparatus described above, will be explained. 
[0071] Figure 9 is a flow chart for explaining the pro- 
cedure of manufacturing various microdevices such as 
semiconductor chips (e.g., ICs or LSIs), liquid crystal 
20 panels, or CCDs, for example. Here, description will be 
made on the manufacture of semiconductor chips, for 
example. Step 1 is a design process for designing a cir- 
cuit of a semiconductor device. Step 2 is a process for 
making a mask on the basis of the circuit pattern design. 
25 Step 3 is a process for preparing a wafer by using a ma- 
terial such as silicon. Step 4 is a wafer process which is 
called a pre-process wherein, by using the thus pre- 
pared mask and wafer, a circuit is formed on the wafer 
in practice, in accordance with lithography. Step 5 sub- 
30 sequent to this is an assembling step which is called a 
post-process wherein the wafer having been processed 
at step 4 is formed into semiconductor chips. This step 
includes an assembling (dicing and bonding) process 
and a packaging (chip sealing) process. Step 6 is an 
35 inspection step wherein an operation check, a durability 
check an so on, for the semiconductor devices produced 
by step 5, are carried out. With these processes, semi- 
conductor devices are produced, and they are shipped 
(step 7). 

40 [0072] Figure 10 is a flow chart for explaining details 
of the wafer process. Step 11 is an oxidation process for 
oxidizing the surface of a wafer. Step 1 2 is a CVD proc- 
ess for forming an insulating film on the wafer surface. 
Step 1 3 is an electrode forming process for forming elec- 
ts trodes upon the wafer by vapor deposition. Step 14 is 
an ion implanting process for implanting ions to the wa- 
fer. Step 1 5 is a resist process for applying a resist (pho- 
tosensitive material) to the wafer. Step 1 6 is an exposure 
process for printing, by exposure, the circuit pattern of 
so the mask on the wafer through the exposure apparatus 
described above. Step 17 is a developing process for 
developing the exposed wafer. Step 18 is an etching 
process for removing portions other than the developed 
resist image. Step 19 is a resist separation process for 
55 separating the resist materia! remaining on the wafer af- 
ter being subjected to the etching process. By repeating 
these processes, circuit patterns are superposedly 
formed on the wafer. 



30 



40 



SO 



8 



15 



EP 1 274 287 A1 



16 



[0073] With these processes, high density microde- 
vices can be manufactured. 

[0074] In accordance with the manufacturing method 
of this embodiment, devices of higher quality as com- 
pared with conventional methods can be produced. Fur- 5 
ther, if the light emission period is at a few KHz for mass- 
production level, there is no necessity of taking synchro- 
nism with the pulse light emission, which needs very 
complicated procedures. Therefore, the control is very 
simple. 10 
[0075] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the '5 
scope of the following claims. 



Claims 

20 

1 . A debris removing system for preventing debris, be- 
ing scattered from an X-ray source, from reaching 
an optical system, characterized by: 

an attracting unit disposed between a light 25 
emission point of the X-ray source and the op- 
tical system, for attracting debris, said attract- 
ing unit having an attracting surface parallel or 
approximately parallel to an axis passing 
through the light emission point; and 30 
a rotation unit for rotating said attracting unit 
about the axis. 

2. A debris removing system according to Claim 1, 
wherein said attracting unit includes fins of a 35 
number n, functioning as said attracting surface, 
wherein the fins have a length d(m) in a divergent 
direction of X-rays, wherein said rotation unit ro- 
tates the fins about the axis at a rotational speed to 
(rad/sec), and wherein, where an average speed of 40 
the debris is vm(m/sec), there is a relation 100 
<nd(o/(27t). 

3. A debris removing system according to Claim 1, 
wherein said attracting unit includes fins of a 45 
number n, functioning as said attracting surface, 
wherein the fins have a length d(m) in a divergent 
direction of X-rays, wherein said rotation unit ro- 
tates the fins about the axis at a rotational speed o 
(rad/sec), and wherein, where an average speed of so 
the debris is vm(m/sec), there is a relation {ndoo/ 
(2rtvm)} > 1/2. 

4. A debris removing system for preventing debris, be- 
ing scattered from an X-ray source, from reaching 55 
an optical system, characterized by: 

an attracting unit disposed between a light 



emission point of the X-ray source and the op- 
tical system, for attracting debris, said attract- 
ing unit having an attracting surface parallel or 
approximately parallel to an axis passing 
through the light emission point; and 
a rotation unit for rotating said attracting unit 
about a predetermined axis, at a rotational 
speed of co( rad/sec); 

wherein there is a relation 1 00 <ndco/(2;t). 

5. A debris removing system for preventing debris, be- 
ing scattered from an X-ray source, from reaching 
an optical system, characterized by: 

an attracting unit disposed between a light 
emission point of the X-ray source and the op- 
tical system, for attracting debris, said attract- 
ing unit having an attracting surface parallel or 
approximately parallel to an axis passing 
through the light emission point; and 
a rotation unit for rotating said attracting unit 
about a predetermined axis; 

wherein said attracting unit includes fins of a 
number n, functioning as said attracting surface, 
wherein the fins have a length d(m) in a divergent 
direction of X-rays; 

wherein the following relations are satisfied: 

S 0 = *(ri 2 -r 0 2 ) 



St =(n/2)(r 1 -r 0 )dsin<)> 



E = (1-S 1 /S 0 )x100 



E>50 



0 < <)> < arcsin(jr(r.,+r 0 )/(nd)) 

where r 0 is a radius of the rotation unit about the 
predetermined axis, r t is a radius of the attracting 
unit about the predetermined axis, S 0 is an area 
through which X-rays from the light emission point 
can pass, $ is a tilt angle (0<<|><jt/2) defined between 
the rotational axis and a straight line connecting the 
light emission point and a midpoint of the rotation 
unit along the predetermined axis, St is an area for 
blocking the light with the fins, and E is the utilization 
efficiency (%) being defined so that the utilization 
efficiency becomes equal to 1 00% when the prede- 
termined axis and the straight line are registered 
with each other. 
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6. An illumination system for illuminating a mask, 
characterized by: 

a debris removing system as recited in any one 
of Claims 1 - 5, for passing X-rays from an X- 5 
ray source therethrough; and 
an optical system for directing X-rays from said 
debris removing system toward a mask. 

7. An exposure apparatus for exposing a workpiece, io 
characterized by: 

an illumination system as recited in Claim 6; 
and 

a projection optical system for projecting X-rays >5 
from the mask onto the workpiece. 



from the axis and extending parallel, or approx- 
imately parallel, to the axis, 
whereby the or each said surface, when rotated 
about the axis, sweeps a volume through which 
debris from the X-ray source may pass. 



8. An exposure apparatus for exposing a workpiece, 
characterized by: 

an illumination system as recited in Claim 6; 



wherein the workpiece is disposed in proxim- 
ity to the mask. 



9. A device manufacturing method, 
characterized by the steps of: 



exposing a workpiece by use of an exposure 
apparatus as recited in Claim 7 or 8; and 30 
developing the exposed workpiece. 



10. A light source unit, characterized by: 



an X-ray source in which a gas is flown to an 35 
electrode to produce plasma, thereby to pro- 
duce X-rays; and 

a debris removing system as recited in any one 
of Claims 1-5. 

40 

11. A light source unit, characterized by: 



an X-ray light source in which plasma is pro- 
duced, by use of laser light, thereby to produce 
X-rays; and 45 
a debris removing system as recited in any one 
of Claims 1 - 5. 



12. A debris removing system for catching debris emit- 
ted from an X-ray source, comprising: 50 

one or more debris catching surfaces; and ro- 
tation means for rotating the surface or surfac- 
es around a predetermined axis, 
the predetermined axis intersecting, or approx- 55 
imately intersecting, an X-ray emission point of 
the X-ray source, and the or each said surface 
passing through a range of radial distances 
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